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5 English translation of French patent application FR26233068 entitled: 

"Genou prothetique commande par un microprocesseur" 

MICROPROCESSOR-CONTROLLED KNEE PROSTHESIS 

Microprocessor-controlled prosthesis system intended to facilitate walking of subjects 
using an apparatus comprising an artificial knee joint. The apparatus is characterized in 
10 that, by virtue of electronic circuits, the forces exerted by the prosthesis are measured and 
analyzed by a microprocessor which then switches on a motor device intended for 
controlling the movement of the knee joint during walking. 

The invention relates to improvements made to prosthesis having a knee joint, which are 
meant to be used by amputees. Subjects having had hip disarticulation, a inter-ilio- 
1 5 abdominal amputation or a thigh amputation may benefit from this system. 

While walking, during the pendular phase, the knee joint is animated by a flexion- 
extension movement of an amplitude of approximately 70°. The muscular actions allow 
the adjustment of the duration of this angular clearance to the walking cadence. 

The absence of prosthetic knee controls forces amputees to adapt their walking cadence to 
20 the duration of the oscillation of their prosthesis or to accept a limp characterized by a 
prosthesis pendular phase which is abnormally long followed by a stance phase of 
proportionately reduced duration. 

The invention brings about improvements to the known system that allow to perfectly 
compensate for the absence of prosthetic knee controls. According to one of the 
25 characteristics of the invention, the knee joint is controlled by a microprocessor. 

According to another characteristic of the invention, the microprocessor receives the 
information in the form of electrical tension corresponding to the stress received by a 
captor located in the leg of the prosthesis. 

According to a further characteristic of the invention, the knee joint receives an energy 
30 allowing it to put itself into flexion or into extension. This energy being controlled by the 
microprocessor. 
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5 The various characteristics and advantages of the invention will emerge from the 
description of one of its possible embodiments which will follow. Its is clearly specified 
that it is only an example and that other configurations may be adopted without departing 
from the scope of the invention. 

The appended figures illustrate the invention. 

FIG. 1 is a block diagram schematic representation of the apparatus configuration 
according to the invention, under a possible embodiment. 

FIG. 2 represents a variant of this device. 

The apparatus (figure 1) is supplied in electrical energy by a connection to an autonomous 
current source (1) (battery or accumulator). 

It comprises a force sensor (2) that may be a stress gauge or constituted of a ceramic 
piezoelectric, affixed to the prosthesis between the knee and ankle. This captor transforms 
into an electrical tension of low value the mechanical stress which is imposed to it. 

Theses tensions are applied at the input of the amplifier (3) which delivers signals which 
are sufficiently important as to be measured by an analog to digital converter (4) in order 
to be read and used by the microprocessor (5). 

The microprocessor contains in its memory a program allowing it to analyze the signals 
produced by the captor and to activate the necessary actions to control the movement of 
the knee joint (6) by way of an interface (7) which distributes the necessary energy to the 
knee block which containa an electromagnet or an electrical motor capable of braking or 
25 accelerating the flexion of the joint. 

The motor or electromagnet may act directly on the movement of the joint or via a 
hydraulic or pneumatic mechanical system (lever, cam, gear). 

An alternative apparatus may be achieved (figure 2) by substituting the electrical energy 
source necessary to the control of the joint by an under-pressure fluid (air, gas or oil) 
30 reserve (8), the electromagnet or electrical motor placed in the knee joint being replaced by 
a jack or a motor which is activated by the fluid (6), the microprocessor (5), its power 
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5 source (1), the forces captor (2), the amplifier (3), the analog to digital converter (4) and 
the control system (7) remaining unchanged. 

The under-pressure fluid reserve may be recharged using an external source or by a 
pumping system (2) placed in the prosthetic foot and actuated automatically by the flexion- 
extension movement carried out by the ankle joint during the stance phase. 

10 While walking, during the stance phase, which ever embodiment is chosen, the captor 
collects the mechanical efforts imposed on the prosthesis and the microprocessor may then 
measure the duration of the stance, compute the optimal value of the time allowed for the 
pendular phase and control accordingly the motor organ of the prosthetic knee and then 
carryout a blockage of the knee joint at the instant corresponding to the beginning of the 

15 stance phase. 

The system has the advantage of adapting itself to the walking speed of the subject as the 
reactions of the apparatus are determined by the characteristics of the stance phase. 
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CLAIMS 



1) Prosthesis intended for subjects having had an amputation of the thigh or a hip 
disarticulation, characterized in that the knee joint is controlled via a microprocessor. 

2) Apparatus according to claim (1), characterized in that it comprises a captor whose 
signals are analyzed by a microprocessor in order to detect the activity of the subject. 

Said captor consisting of a force captor which transforms the stress applied to the 
prosthesis into an electrical tension of low value, amplification means to amplify 
the tensions generated by the captor, means of measuring those tensions and means 
allowing them to be read by the microprocessor. 

3) Apparatus according to any of the preceding claims, characterized when the force 
captor consist of a stress gauge or a ceramic piezoelectric. 

4) Apparatus according to any of the preceding claims, characterized in that the power 
supplying means of the system are achieved with the use of a battery or of a battery 
accumulator. 

5) Apparatus according to any of the preceding claims, characterized in that the control of 
the knee is achieved using an electromagnet or an electrical motor. 

6) Apparatus according to any of the preceding claims, characterized in that the control of 
the knee is achieved using a jack or a motor which uses an under-pressure fluid as its 
source of energy. 

7) Apparatus according to any of the preceding claims, characterized in that the energy 
necessary for the control of the knee is stored in the form of a fluid or a gas contained 
in a reservoir that may be recharged by an apparatus external to the system or with the 
help of a device actuated by the prosthesis when the subject walks. 
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{.'invention conceme des perfectionnements apportes aux protheses 
comportant une articulation do genou, destinees a l'apparelllage des 
emputes. Lee sujets ayant subl une disarticulation de henche, une 
amputation inier-11io-abdomino1e ou une amputation de culsse peuvent 
5 penef Icier du sgsteme. 

Pendant la marche, au ccurs de la phase pendulaire, rerticulation 
du genou est enim&e (Tun mouvement de flexion-extension d'une 
amplitude de 70* environ. Les actions musculaires psrmettent d'ajuster 
la duree de ce denouement angulaire A la cadence de la marche. 

1 0 L'absence de commando des genoux proth6tiquee oblige les amputee a* 
adapter leur cadence de marche 6 la duree d'osclllation de leur protheee 
ou d'occepter une boiterie caracterisee par une phase pendulaire de la 
prothese anormaiement longue suivle (Tune phase (Tappul <fune duree 
reduite dans la mftme proportion. 

15 (.'invention apporte au systems connu des perfectionnements qui 
psrmettent de compenser parfaitement I'absence de commands des 
genoux prothetiques. Sulvant une des ceracteristiquss de rinvention. 
('articulation du genou est commandos par un microprocesseur. 
Sulvant une autre ceracterlsttque de rinvention, le microprocesseur 

20 recolt les informations sous forme de tension ftlectrique correspondent 

. oux contralntes recues par un capteur situs dans la jambe de la 
prothese. 

Sulvant encore une autre caracteristique de l*inventton,rarticulatlon 
du genou recolt une erargie lul permettant de se mettre en flexion ou en 
25 extension. Cette energle etent contrtlee par le microprocesseur. 

Les differentes cerectertsttques et avantages de rinvention 
ressortiront de la description qui va sulvre d'une de ses formes 
possibles de realisation. II est Wen precise qull s'ogft unfquement (Tun 
example et que toute autre disposition pourralt §tre adoptee sans sortlr 
30 du cadre de rinvention: 

Les dessins annexes lllustrent rinvention. 
- La figure 1 est une reprlsentatlon schematique par blocs 
de la constitution de I'apparell sulvant rinvention, sous une forme 
possible de realisation. 
35 - La figure 2 represents une variants de ce dlspositlf. 
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L'oppsrell (figure 1) est alimente en energte electrlque per 
branchement sur une source autonome de courant (i) (pile ou 
accumulateur). 

il comporte un cepteur de forces (2) qut peut etre e jauges de 
5 contratntes ou constitue par une ceremlque plezoelectrlque, fixe sur la 
prothese entre le genou et la chevine. Ce capteur transforms en tension 
electrlque de feible valeur lee contralntee mecaniques qui lul sont 
Imposees. 

Ces tensions sont appliquees 6 1'entree de rempllf icateur (3) qui 
10 deiivre des slgnaux sufflsamment Importents pour etre mesures per un 
convertlsseur analoglque digital (4) afln d'etre lus et exploltes par le 
microproce8seur (5). 

Le microprocesseur conttent en memoire un programme lul 
permettant danalyser les slgnaux Issus du capteur et de dectencner les 
15 actions necessalres au contrtle du mouvement de 1'articuletlon 
du genou (6) par 1'lntermedlaire d'une Interface (7) qui dietrlbue 
Venergie necessaire ou bloc du genou component un electro-almant 
ou un moteur electrlque capable de frelner et d'accelerer la flexion de 
I 'articulation. 

20 Le moteur ou l'electro-atmant peuvent agir directement sur le jeu de 
Varticulation ou par rintermedleire d'un systems mecanique (levler, 
came, engrenege), hydraulique ou pneumetlque. 

Une vartante de 1'apparell peut dtre realises (figure 2) en 
eubstltuant le source d'energie electrlque necessaire a la commands de 

25 Varticulation par une reserve d un flutde sous pression (air, gaz ou nulla) 
(6), l'electro-almant ou le moteur electrlque place dans 1 'articulation du 
genou etent remplace par un verin ou up moteur actlome par le flulde 
(6), le microprocesseur (5), son alimentation (1), le cepteur de forces 
(2), l'empliflcateur (3), le convertlsseur analoglque digital (4) et le 

30 systems de commando (7) etant Incnanges. 

La reserve de flulde sous pression peut etre rechargee i 1'alde d'une 
eource exterleure ou bien per un systems de pompe (2) place dene le pled 
prothettque et ectionne automatlquement parte mouvement de flexion- 
extension effectue par rartlculation de le chevllle au cours de le phase 

35 d'eppul. 
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Au cours de la merche, pendant !o phase d'appui, quelque solt la 
realisation cholsie, le capteur recueille les efforts mecenfques 
imposes a la pro these at le microprocBSseur peut ainsi mesurer la 
duree de l'eppul, calculer la valeur optimum du temps alloue 4 le phase 
5 pendulaire et commander en consequence Vorgane moteur du genou 
prothettque puis deffectuer un oiocage de l'artlcalatlon du. genou i 
rinstant correspondant au debut de la phase d'appiri. 

Le syeteme presents Vavantage de s'edapter a la viteese de la 
marche du su jet pulsque les reactions de l'apperell sont determlnees par 
10 les caractertstlques de la phase cTappui. . 



2623086 

4 

REVENDICATIONS 



1) Prothese destine 6 l'apparetllage des sujets ayent subl una 
amputation de culsse ou une disarticulation de hanchs, caracterisee en 
ce que 1 'articulation du genou est commandee par l'lntermediaire d'un 
mlcroprocesssur. 

5 2) Apparell suivant la revendlcatlon (1) caraeterlse en ce qu'il 
comporte un capteur dont les stgnaux sont analyses par un 
mlcroprocesseur arm de deceler ractivlte du sujet. 

Le dlt capteur consists en un capteur de forces qui transforms les 
contralntes recues par la prothsse en une tension electrique de foible 
10 valeur, des moyens pour amplifier les tensions developpees par le 
capteur des moyens de mesure de ces tensions et des moyens pour 
Isur permettre d'ltre lues par le mlcroprocesseur. 

3) Appereil suivant 1'une quelconque des revendfcatlons 
prtcedentes, caraeterlse lorsque le capteur de forces consists en un 

15 capteur a jauges de contralntes ou une ceramlque plezo-electrique. 

4) Appareil suivant Vuns quelconque des revendlcatlons 
precedent es, caraeterlse en ce que les moyens d'al indentation du 
systeme sont realises a 1'aide d'une pile ou d'une batterie 
d'accumulateur. 

20 5) Appareil suivant 1'une quelconque des revendicetlons 
precedents*, caraeterlse en ce que la commande du genou soit reallsee a 
1'aide d un electro-aimant ou d'un moteur electrique. 

6) Apparell suivant 1'une quelconque des revendicetlons 
precedents*, caraeterlse en ce que le commande du genou soit reallsee 6 

25 1'aide d'un verfn ou d'un moteur utllisant comma energie un fluids sous 
pression. 

7) Appareil suivant rune quelconque des revendlcatlons 
prtcedentes, caractsrlss en co que l'fenergte necessatre 6 la commande 
du genou soit stocks* sous forme d'un fluids ou d'un gaz contenu dans un 

30 reservoir pouvant Stre recharge par un apparell exterieur ou systems ou 
6 1'aide d un dispositif actionne par la prothese au cours de le merchs du 
sujet. 



